vary in intensity with this movement and such changes may be magnified by arranging a fixed source of incident light and an associated light detector adjacent to the animal.
Light source and detector A diagram of the detector head is shown in Fig. I . A small block (40 x 20 x 15 mm) is cut from hard, opaque plastic and drilled to accept a 5 V prefocused lamp at one end. In the centre of the block a photodiode is positioned so that it detects light reflected from a surface illuminated by the lamp at a distance of about 30 mm. The other end of the block is attached to a C-shaped clip enabling the detector to be positioned anywhere on an animal restraining tube (Fig. 2) . Light from the lamp passes through the clear plastic tube onto the surface of the animal, in an area monitored by the photodiode. The lamp voltage supply and photodiode amplifier are remotely positioned from the detector head and connecte<! by the signal lead. This enables the instrument to be used when restraining tubes are closely packed together on smoke inhalation machines.
Summary
By remotely detecting the changes in light intensity caused by respiratory movements of animals held under restraint, the technique is noninvasive and therefore allows changes in respiratory behaviour caused by treatments to be interpreted more easily.
The difficulty of assessing or measuring the dose of material received by animals in inhalation toxicology experiments is well documented (Nettesheim et al., 1974; MacFarland, 1976) . It is generally accepted that the dose retained by the animals is related to the concentration of the material in the atmosphere to which the animals are exposed and the duration of the exposure period. These 2 factors can easily be determined (Klirnisch & Dontenwill, 1977a; Mac-Farland, 1975) . In addition, the amount of material inhaled, the retention or clearance of materials from the lungs (Klimisch & Dontenwill, 1977b; Mac-Farland, 1976 ) may depend on the breathing pattern of animals. Breathing itself may be affected by the test material to which the animals are exposed.
The respiratory pattern of animals exposed to test atmospheres of materials may be monitored using a partial body plethysmograph (Amdur & Mead, 1958) .
Because of practical difficulties in obtaining satisfactory recordings using such a method, particularly when animals were exposed to relatively high concentrations of inhaled irritants, an alternative technique was devised.
This report describes a method for monitoring the respiratory pattern and respiratory rate of rats held in simple restraining tubes. The technique described has distinct advantages over other methods of respiratory monitoring. Animals are not stressed by the detector, it is easily set up, and staff can rapidly be trained to use it.
. The system used for the exposure of the animals to smoke has been described elsewhere (Beven, 1976) .
Principle of operation
The thorax of small animals moves quite noticeably during respiration. Light reflected from the thorax will 
Circuit
The circuit diagram is shown in Fig. 3 . The prefocused lamp (LPl) is supplied from a 5 V d.c. regulated source. Control VRI enables the light intensity to be set for optimum response from the photodiode (D]). The leakage current of the photodiode is proportional to the incident light level and is amplified by the high input-impedance amplifier (AI). When background illumination is provided by artificial light the photodiode will detect the electrical mains frequency which wiIl then be superimposed on the output of the amplifier. The combination of a resistor (R3) and a capacitor (CI) removes unwanted mains frequency components from the signal. The a.c. component· of the signal caused by the thoracic movement is in the order of 100-200 mY. However, the d.c. level may vary by several volts depending on lamp intensity, size and position of subject. A 1 p.F capacitor (C2) removes the standing d.c. component from the signal. A further amplification stage (A2) increases the signal gain 25 times, which is sufficient for most high speed chart-recording systems. The centre zero voltmeter (M) gives a visual indication of signal size and frequency which is particularly useful if the recording system is remote from the operator.
General observations
The detector is very simple to use routinely for monitoring the respiratory pattern of animals held in a simple restraining tube. The device is clipped on to the outside of the tube and does not affect the animal's behaviour. Restraining tubes of the type shown in Fig.  2 are commonly used for exposing small animal species to test atmospheres. The animal is positioned so that its nose is adjacent to the opening at the tapered end of the tube, and the other end of the tube is closed with a rubber bung. The tapered end is then connected to a chamber containing the test atmosphere. By using the detector described above the respiratory pattern may be monitored regularly during routine exposures without additional interference with the animal. Examples of the type of respiratory record obtained from rats exposed for short periods to diluted tobacco smoke are discussed briefly. The shape of individual breath cycles recorded using a partial body plethysmograph, incorporating a rubber seal around the neck of the animal, frequently showed a flattening of the respiratory wave form, even prior to smoke exposure (Fig. 4 top) . This distortion of the wave form was presumably due to restriction to breathing caused by References Amdur, M. O. & Mead, J. (1958) . Mechanics of respiration in unanaesthetised guinea pigs. American Journal of Physiology 192,364-368. Beven, J. L. (1976) . Inhalation toxicity studies on cigarette smoke. I. A versatile exposure system for inhalation toxicity studies on cigarette smoke. the rubber collar, however carefully fitted. In comparison the respiratory wave form recorded by the new detector was very regular prior to smoke exposure (Fig. 4 below) .
Experience so far has clearly demonstrated the advantages of this detector over the plethysmograph for routine monitoring of the respiration rate of animals during exposure to smoke. The development of an automatic counter will assist in the analysis of breathing patterns, but visual inspection of the traces shows that smoke exposure causes changes in the shape of the individual breath cycles in addition to variations in respiration rate (Fig. 5) . A detailed analysis of such traces may produce additional useful information about the respiratory response of animals to a range of inhaled materials.
